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Equipment Overview

The following table gives an overview of the tests and equipment available to the customer. Also
available is metallographic specimen preparation equipment. This and each of the sections in the
table will be described in more detail throughout the document.

Visual Powder Chemical Mechanical Environmental
Sgannlng electron Particle size Surface energy / tension Tensile tester Humidity ageing
microscope distribution measurement
Optical profilometry Moisture analysis Energy dispersion X-ray Stud gdhespn tester Salt.-fog exposure

and precision analysis and pin-on-disc tester | testing
weighing

Fourier transform infrared

Microhardness tester Electrical properties
spectroscopy

Optical microscopes Pycnometry:
density/porosity

UV-Vis-NIR spectroscopy
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Visual: Scanning Electron Microscope

Phenom XL SEM

A small yet powerful table top device capable of 100,000x
magnification

A large sample stage can cater for a single sample of up to
100 mm x 100 mm or multiple smaller samples

Stage is height adjustable to a maximum of 65 mm

A live camera allows for accurate tracking of position on a
sample at all times

Fast pumping and venting of analysis chamber increases
sample throughput

Default 5, 10 and 15 kV accelerating voltages and low (charge
reduction mode), medium and high vacuum settings

The system can also perform powder analysis and 2D and 3D
roughness scans
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Phenom

e
SEM image of a coated (I) and uncoated (r) bolt
thread at 250x magnification
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Visual: Optical Profilometry

Nanovea PS50 Optical profilometer

A Unlike stylus profilometry, there is nothing other
than a beam of light in contact with the surface of
the sample meaning no damage is done to the
sample
2 optical pens are available i 300 um for smoother
surfaces and 3 mm for rougher surfaces
The pens can analyse both highly reflective and dull
surfaces or a combination of both
The stage X and Y axes are motorised with 50mm
of travel, the manual Z axis has 30 mm of travel
Curved samples (up to 28 ¢an be measured
Several templates are available based on
Mo u nt a isaftdte which perform any post
processing required and report all the common
roughness parameters including Ra, Rgq, Rz and
Rpc in .pdf format
A Line and area scan data can also be saved in .txt
format for further processing

oo Do Do Do

Reference standards: Rank Taylor Hobson® 0.035 pm,
0.35 pm, 0.38 pm, 0.39 pm, 0.82 pm, 0.87 pm, 2.11 pm,
2.36 pm and 2.57 pm calibration standards.

Area scan generated by the MountainsE software.4 @ENBIO'




Visual: Inverted Microscope

Optical microscopes

Leica DM IRB inverted microscope A Often used in conjunction with the metallographic
equipment to analyse surfaces, coating thickness
layers etc

Adjustable light intensity to cater for different material
types

Full x and y axis control through adjusting levers
Several lenses available including 4x, 5x, 10x, 20x,
50x and 100x magnification

There are a wide selection of adjustment options
available to the user to improve the displayed image
The Leica software records the onscreen image in
various image formats

These can then be imported into an image stacking
software package to produce a clearer, better final
image
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Cross section of CoBlast treated metal surface indicating coated layer and texture. Image
obtained using the Leica DM IRB microscope and stacked in Helicon focus.




Optical microscopes
Brunel stereo inspection microscope

Visual: Light Microscope

Used to examine surfaces at between 10x and 40x
magnification

A light ring with adjustable light intensity can be used to
provide illumination on the surface

A camera mounted on top of the microscope transfers
the image seen in the eyepiece to the monitor

The software contains a wide range of adjustment
options to provide an enhanced image to the user
Images are saved in many of the regular image formats
and if required, can be imported into an image stacking
software package to improve image clarity
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Both the inverted and light microscopes are calibrated using
reference standard:

Pyser-SGI® Ltd 1 mm graticule in 100 x 10 pm divisions




Powder Analysis: Particle Size Distribution

Horiba LA-920 laser scattering particle
size distribution analyser

A The Horiba relies on light diffraction of
grains to measure the particle size
distribution (PSD)

A Background measurements are gathered
before readings

A Particle size limitations are between 0.02 to
2,000 pm, and the measurement time is
about 20 seconds although this is adjustable

A Stirring and ultrasonic agitation are used to
help with agglomeration breakdown

A DI water or other suspending fluids are
acceptable and the measured background
baseline eliminates error from the carrier
suspending fluid

A 0.1 mg to 5 g of powder is required. The
amount varies depending on the sample
material

A Powder can be placed in a solution to assist
with the dispersion of material that tends to
adhere

A Data is saved in .txt format to allow for
further processing and use with many
software packages.
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Powder Analysis: Moisture Analysis and Precision Weighing

AZI Computrac 4000XL Moisture analyser Samples can be in either liquid or powder form

The device contains a small 700W heater to dry samples

A precision balance weighing mechanism with a resolution of 0.0001g
weighs the sample

The user has the ability to set up to 250 programs using various
parameters that can all be set using the keypad on the front panel

The device heats a sample (0.2 g to 39.9 g) from a standby temperature
of 25 @o a maximum of 275 @nd records the mass loss of the sample
throughout the program

A Moisture content and program duration are displayed on completion of
the program

o To Do To P>

Computrac' {

Calibration: Calibrated using standards whose accuracy is traceable to the
National Institute of Standards and Technology (NIST).

Ohaus Discovery semi micro and A Can measure powder and other materials up to a maximum of 210 g
Analytical balance accurately to five decimal places
e A Applications include
PUSS, — 3 o statistics mode
‘!‘ ' o density mode
'u ‘ 0  pipette calibration mode
tl 0  percent Wei'ghing mode
‘ o parts counting mode
' o dynamic weighing mode
. o totalisation and high point modes
N — ' | A Adjustable environmental settings to compensate for vibrations and
Q" . other disturbances

)

Self calibration: the device features Advanced AutoCalE Automatic
internal calibration

——
Image credit: Ohaus Corporation 8 @ ENBI O
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Powder Analysis: Pycnometry T Density/Porosity

Micromeritics GeoPycE 1360 Envelope
Density analyser

A Uses displacement of a quasi-fluid powder media to
calculate envelope density of parts with irregular
size and shape

A Syringes available include a 50.8 mm, a 25.4 mm
and two 12.7 mm.

A These are capable of measuring powder tap
densities using compression forces of 3N T 180 N.

A This is equivalent to 1 N/cm2 up to 140 N/cm?

Micromeritics AccuPycE 1330 Hel i um
Pycnometer

& ) A Precision measurement of absolute volume by gas
| displacement. Helium fills even the smallest surface
features and pores for a better measurement of
absolute volume

e D D O A By subtraction from the envelope density results of
R ‘ GeoPyc, the precise volume of these pores can be
| - deduced

A Returns results based on the average of five or more

consecutive runs
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Chemical: Surface Energy/Tension Measurement

Lightweight and portable device

Uses a combination of liquids (usually water and diiodo-methane)
to deposit two droplets onto the surface in specific amounts
(usually 2, 1 or 0.5 pl)

Liquid deposition amount will depend on the hydrophobicity of the
surface

The handheld device analyses the droplets and fits a contact angle
line to either side of the droplet

The user can reposition the angle lines should the software place
them incorrectly

The software derives the surface free energy (a combination of
polar and disperse) from the contact angles and reports to the user
in .xlsx and .pdf format
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Kruss Mobile Surface Analyser
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Image credit: KRUSS GmbH

An image of a droplet on a surface recorded by
the camera on the underside of the device
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Chemical: Energy Dispersant X-ray Analysis (EDX)

A EDX is performed in conjunction with the SEM
described in slide 3

A With the SEM set to 15 kV and in either point or
map mode, the chemical composition of a region
atthe u s e chéice of magnification can be tested

A EDX duration is normally 60 seconds per point or
map

A A line scan or an area scan can be performed
through a region to display the change in chemical
composition; these scans can take longer than 60
seconds depending on parameters chosen

An EDX map and 2 point scans (crosshairs centre and
upper left) were performed on this surface

A Results are broken down by element, atomic
concentration, weight concentration and
stoichiometric weight concentration

A EDX can identify elements between Boron (Z
= 5) and Americium (Z = 95)

A In a situation where the software incorrectly
identifies a peak, the user can manually
assign the element

A The software generates a report in pdf format
of the results

1,544,580 counts in 60 seconds

An elemental spectrum of the upper right image \
11

ENBI O




Chemical: Fourier Transform Infrared (FTIR) Spectroscopy

A A Pike LN2 cooled Mercury-Cadmium-Telluride (MCT) gold coated
integrating sphere attachment is available for emissivity
measurements (see image on the left)

A 3D printed specimen holders ensure correct sample placement at
the base of the sphere

A An Attenuated Total Reflection (ATR) attachment is available which
allows for direct examination of a solid, liquid or powder without
further preparation

A A slide holder for transmission analysis using KBr slides is also
available

A For emissivity measurements, samples should be at least 25 mm x
25 mm to avoid stray light entering the integrating sphere which
could skew results

A Emissivity scanning range is normally 5000 cm-1 - 476 cm-1 (2000
nmi 21000 nm)

A Emissivity data is returned in .csv format can be combined with data
from the UV-Vis-NIR to form a trace spanning 250 nm i 21000 nm

Perkin Elmer Frontier MIR/FIR spectrophotometer

Reference standard:
Diffuse gold coated
reference coupon used to
baseline the system prior
to measurements being
taken.

Image: Pike Technologies
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